3-Fluorotyrosine as a complementary probe of hemoglobin structure and dynamics: a (19)F-NMR study of Synechococcus sp. PCC 7002 GlbN.
The hemoglobin from the cyanobacterium Synechococcus sp. PCC 7002 (GlbN) contains three tyrosines (Tyr5, Tyr22, and Tyr53), each of which undergoes a structural rearrangement when the protein binds an exogenous ligand such as cyanide. We explored the use of 3-fluorotyrosine and (19)F-NMR spectroscopy for the characterization of GlbN. Assignment of (19)F resonances in fluorinated GlbN (GlbN*) was achieved with individual Tyr5Phe and Tyr53Phe replacements. We observed marked variations in chemical shift and linewidth reflecting the dependence of structural and dynamic properties on oxidation state, ligation state, and covalent attachment of the heme group. The isoelectronic complexes of ferric GlbN* with cyanide and ferrous GlbN* with carbon monoxide gave contrasting spectra, the latter exhibiting heterogeneity and enhanced internal motions on a microsecond-to-millisecond time scale. The strength of the H-bond network involving Tyr22 (B10) and bound cyanide was tested at high pH. 3-Fluorotyrosine at position 22 had a pK(a) value at least 3 units higher than its intrinsic value, 8.5. In addition, evidence was found for long-range communication among the tyrosine sites. These observations demonstrated the utility of the 3-fluorotyrosine approach to gain insight in hemoglobin properties.